ABSTRACT The Single-carrier Frequency-Division Multiple Access (SC-FDMA) communication scheme is the key technique in green communications and networking for 5G for the uplink of SC-FDMA multiuser systems due to frequency differences introducing access interference. The precision of the traditional parallel and serial interference cancellation algorithms is not high, and the number of required iterations for achieving satisfactory results is large. A new algorithm for the optimal weighted parallel interference cancellation (PIC) is proposed to eliminate the multiple access interference. This method has higher precision than the traditional PIC and the number of interference elimination iterations required is low. 
I. INTRODUCTION
To lessen the environmental impact of the communication industry, green communications have received increasing attention from governments, academia, and industry. However, the definition of a green communication system remains an open topic. In this paper, we carry out a comprehensive analysis of the Single-carrier FrequencyDivision Multiple Access (SC-FDMA) system. With the rapid development of wireless technologies, the concept of the Fifth Generation (5G) wireless communication system has now emerged. However, most people know little about 5G, including some aspects of 5G wireless communication networks. The SC-FDMA communication technique is the key system for 5G [1] .
For the uplink of SC-FDMA multiuser systems, due to frequency differences into access interference, the precision for the traditional Parallel Interference Cancellation (PIC) or the Serial Interference Cancellation (SIC) algorithms for interference cancellation is insufficient, and the number of required iterations is large. In order to deal with these issues, the optimal weighted parallel interference cancellation (Optimal Weight Parallel Interference Cancellation, OWPIC) algorithm is proposed to eliminate multiple access interference; this algorithm has higher precision and the number of interference eliminating iterations is lower.
Single carrier-frequency division multiple access (SC-FDMA) has been selected as a promising uplink transmission scheme for the third generation partnership project (3GPP) long term evolution (LTE) standards, due to its lower peak to average power ratio (PAPR) characteristics compared to conventional orthogonal FDMA (OFDMA) techniques [2] . To improve system performance, adaptive antenna arrays can be employed in conjunction with SC-FDMA in LTE systems, where the base and mobile stations are equipped with multiple antennas [3] . LTE has also been endorsed by public safety agencies in the United States [4] as the preferred technology for the new700 MHz public-safety radio band. Agencies in some regions have filed for waivers [5] hoping to use the new 700 MHz [6] spectrum with other technologies in advance of the adoption of a nationwide standard [7] . Low complexity minimum mean-squared error (MMSE) single-carrier frequency domain equalization (SC-FDE) has also been considered for co-channel interference suppression for cyclostationary processes.
Luo et al. [8] analyzed channel access and power allocation techniques for green communication systems, which include optimized routing methods for green sensor networks [9] , routing, rate control and power allocation in renewable energy wireless mesh networks [10] . Mahapatra et al. systematically discussed energy efficiency trading schemes in green wireless communications [11] while grid-based joint routing and charging algorithms for industrial wireless rechargeable sensor networks were discussed in [12] . The previous algorithms [8] - [12] consider the interference induced by frequency offset as a part of additive noise, which leads to poor frequency offset performance in SC-FDMA networks. Nakamura et al. [13] proposed an exact analysis method for OFDM systems with frequency offset. Weeraddana et al [14] proposed an energy-efficient connected target coverage algorithm for wireless sensor networks. Han et al. [15] proposed a method of green communications via HARQ protocols over AWGN channels. Fares et al. [16] proposed a method based on null subcarrier, where one complete OFDM symbol with all odd subcarriers were used, but most of the even subcarriers were null subcarriers. Huang and Letaief [17] proposed a similar technique with an overhead of two OFDM symbols. Zhu and Lee [18] proposed a potential estimation using the time-variant parameters of the channel, but this technique required knowledge of the channel statistics. Choi et al. [19] proposed expectation maximization (EM)-based iterative scheme using multiple pilot slots, which offered only a limited frequency offset estimation range. Thus, this method is not adaptive for large frequency offset. Recently, based on receiver windowing, Sun and Xiong [20] proposed a characteristic function to analyze the exact bit error rate (BER) of OFDM systems with frequency offset. There were also several low-complexity equalizers that assumed inter-carrier interference (ICI) properties due to the frequency offset. Beaulieu and Tan [21] proposed an MMSE detector with parallel interference cancellation (PIC), which used weights to minimize the joint minimum square error, but had an error floor at high signal-to-noise ratios (SNR). Hou and Chen [22] proposed a method for restricting ICI, which assumed that the channel variation could be linear in an OFDM block, but showed degradation in the presence of large frequency offsets. Mostofi and Cox [23] proposed successive interference cancellation (SIC) to cancel the interference due to ICI in frequency domain. Chen et al. [24] proposed an algorithm based on SIC by utilizing the time-domain channel matrix, and Park et al. [25] proposed a low complexity iterative cancellation technique with their MMSE-SIC scheme. However, these scheme forms [23] - [25] require inverse matrix calculations and have a high complexity proportional to the subcarriers.
Based on the PIC algorithm, Hwang et al. [26] proposed a hard decision-based parallel interference cancellation (HDPIC) scheme to reduce the effect of interference on the uplink of the OFDM algorithm, but the spectrum of system model was inefficient, and could cause SNR loss. Lakshmish [27] proposed a method of DoA estimation approaches for a real time assistive calibration system. There are also some ICI cancellation approaches such as the selective PIC (SPIC) method proposed by Han et al. [15] , which shows good results in overcoming the interference induced by carrier frequency offset (CFO).
The performances of the abovementioned algorithms are not satisfactory because of their inaccurate estimators. Marabissi et al. [28] proposed a training sequence-based CFO estimator based on an iterative PIC unit. However, the training sequence needs a large amount of symbols. Wang and Chen [29] proposed a multistage linear parallel interference cancellation (LPIC) method to mitigate the effect of multiuser interference (MUI) on the uplink of the OFDM algorithm, which needed a large complexity.
For the uplink of SC-FDMA multiuser systems, due to frequency differences during access interference, the precision of traditional parallel interference cancellation algorithms or serial interference cancellation algorithms for interference cancellation is insufficient, and the number of required iterations is large. In this paper, an optimal weighted parallel interference cancellation algorithm is proposed for the elimination of multiple access interference. The algorithm shows higher precision than other approaches, while the number of interference elimination iterations is comparatively low. Figure 1 shows a DFT-S OFDM system uplink multiple access block diagram, subcarrier allocation method could be used with IFDMA. Through the carrier allocation scheme, the user allocated sub-carriers do not overlap each other, and thus are not affected by the superimposed disturbance of each users signal. Suppose now that the multiuser signal can be separated using a carrier signal mapping method. The introduction of instantaneous carrier frequency offset can be considered the same, as the normalized relative frequency shift factor is equal.
II. SYSTEM MODEL
Suppose that ξ i is defined as the frequency offset for user i, while T is the number of uplink users. After the modulation of N sub-carriers, S(k) is defined as the received frequency signal. For a channel with L-paths, the time domain signal y i (m) can be expressed as,
where, z(k) is additive white Gaussian noise with variance σ 2 .
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After N -DFT transformation of the above expression, we obtain
where, Y i (k) is the signal with frequency offset for user i. By separating the interference, it follows that
where, the first part is the inference introduced by ISI, the second part is the interference introduced by ICI. The second part is the interference introduced by AWGN. The received multiuser signal can be expressed as,
where, Y (k ) represents all user signals received. The final term corresponds to multiple access interference introduced by the frequency offset. From the above analysis, multiple access interference can be introduced by frequency offset differences, so the receiver needs to eliminate it in order to improve the signal transmission performance. Suppose that the number of uplink users is 4, the uplink transmission system is DFT-S OFDM, sub-carrier mapping is IFDMA, signal modulation mode is QPSK, the carrier number is 512, the signal transmission bandwidth is 30MHz and the user normalized carrier frequency offset factor is 0.1, 0.2, 0.05, 0.15 in the range. Figure 2 and Figure 3 shows the bit error rate curve under different frequency deviation factors for all the users in a Gaussian white noise channel. The apparent effect is due to the fact that relative frequency deviation factor introduces access interference, which severely degrades the performance of the demodulation system. From Figure 3 , it is can be seen that as the user relative frequency deviation factor is increased, and the difference between these factors is increased, multiuser access interference also increases, so the systems BER performance is degraded. When the user relative frequency deviation factor difference is larger than 0.1, serious losses will occur at the demodulation stage.
III. OWPIC ALGORITHM FOR UPLINK MULTIUSER ACCESS INTERFERENCE
In order to reduce the uplink multiuser access interference caused by different carrier frequency offsets for different users, and interference caused by adjacent pairs of users, the SIC and PIC algorithms are commonly used. The serial interference cancellation algorithm is based on subcarrier interference cancellation, which increases the receiver processing delay and reduces the signal real-time processing performance; on the other hand, the PIC algorithm can be applied on all sub-carriers at the same time and eliminate interference, but its precision is limited [30] . Therefore, the Optimal Weight Parallel Interference Cancellation (OWPIC) algorithm is proposed in this paper to eliminate multiuser access interference introduced by frequency offsets, in order to improve the accuracy of the parallel interference cancellation algorithm and reduce iterations. The objective is to optimize SIR, and to seek the optimal SIR corresponding to the optimal weights for PIC interference cancellation. From the above analysis, the multiple access interference signals can be expressed as
Let us assume that the receiver signals follow IFDMA carrier distribution, with interference due to multiuser signal separation. We define as m the number for PIC eliminate, and was the weights for the PIC elimination algorithm. After the PIC has been applied once, the i-th user signal can be expressed as,
where ρ(k, l) is the interference caused by the l-th subcarrier for user j and the k-th subcarrier for user i, which can be expressed as,
ρ(k, l)y j (l) m−1 is the first interference part, y i (k) m is signal after the m-th detection, and y i (l) m−1 is the signal after detection (m − 1). Substituting Eq. (7) into Equation PICdecision, it follows that,
where, I is the interference introduced by the second detection, ϒ is the noise introduced by the second detection, y i (k) (2) is the received signal after the second PIC cancellation, where
Eq. (10) can be used to obtain the signal SIR after the second PIC cancellation, as follows:
Eq. (11) is the relationship between the signal after the second cancellation and weight w. We define the number of users VOLUME 4, 2016
as 4 and the number of subcarrier is 512, the AWGN is at a level of E b /N 0 = 15dB, the allocation is IFDMA, while the normalized frequency offset are 0.10.050.15 and 0.2. It could be obtained from figure 4 convex function can be received signals SIR and PIC algorithm weights w into, weighted w to obtain optimal SIR value, SIR can take the extreme. The OWPIC algorithm is based on PIC, and its goal is to allow the choosing the optimal weights to improve removal precision, and reduce the number of iterations of the PIC algorithm. This paper uses the massive pilot signals to obtain the user frequency offset estimate and achieve the optimum user signal SIR. First, we set the initial weights, and then the optimal weights are found by successive iterations. The specific manner in which the optimal weights are obtained is explained below. To provide users with PIC algorithm to eliminate the user signal optimal SIR, because sir out can be used as a convex function with variable w(n), when w(n) achieves its optimal value, sir then obtains the corresponding optimal value sir opt ; instead, when sir obtaining the optimal, as the elimination of weights for the ideal value w. sir opt can be obtained through optimal training sequences, where we set the initial weights w = 1. w will then be the optimal weights for PIC for eliminating the different multiuser uplink frequency offsets introduced by interference. Set e sir as the error between the output signal to interference ratio sir out and the optimal signal to interference ratio after PIC two times elimination, which can be expressed as, e sir = sir out − sir opt (12) Define the optimization objective as min E sir out − sir opt 2 .
According to Taylors first order expansion, we can use
where,
We define sir i out as i-th iteration value. Substituting (14) into the optimization objective, we obtain that, min min E sir opt − sir 
In order to obtain the objective function, we use linear search methods to approximate the optimal values and make the weight w out approximate the optimal weight w opt . Suppose that the current i-th iteration weight is w i out , which can takes the better value w i+1 out according to the directions T i . The approximation process can be expressed as
The approximation direction of fitting the optimization target function should satisfy the following relations:
Substituting with k = (w opt − w i out ), we obtain
By deriving T i we obtain,
IV. ANALYSIS OF PERFORMANCE OF THE OWPIC ALGORITHMS
In order to research the multiuser interference cancellation performance of the OWPIC algorithm, an uplink transmission system was defined as DFT-S OFDM at 2.45GHz. Suppose that the cyclic prefix length is greater than the diameter of the maximum delay spread, the carrier mapping method is IFDMA, and the cyclic prefix length is greater than the multi-path propagation delay. To facilitate the analysis, the number of users accessing the system was set to 4, while the signal mapping method was QPSK. The pilot information transmission is block. The signal bandwidth was 30MHz, the carrier number is 512, and the channel model used Rayleigh distribution in three dimensions, with a maximum extended delay of 50ns. The users relative normalized carrier frequency deviation factors were 0.25, 0.15, 0.1, 0.1. Figure 4 shows the OWPIC and PIC algorithms results presented through a BER simulation. The OWPIC algorithm weights were calculated in one and two iterations. From the simulation figure, it can be seen that with one iteration, the OWPIC algorithms performance is similar to that of the traditional PIC algorithm, while the OWPIC algorithm shows better performance after two iterations. This is because the value of w converges more to the optimal value, and can thus achieve a better error rate. The interference cancellation performance also was greatly improved, when the error rate was at the 10e-2 level; with the proposed OWPIC algorithm with two iterations, the BER performance was better than the PIC algorithm using two iterations by nearly 2dB. Based on efficiency improvement of nonlinear power amplifier, the energy efficiency model:
The goal of this model is to minimize the E b of non-linear power amplifiers. Here, m, n, and p are given and real,η is the average efficiency of amplifier, while R b is the data rate. As evident by Eq.(21), if the hardware parameters of the amplifier and the modulation type are known, Pout is determined by the power of the input signal, the BER and the channels noise, whileη is determined by the power of the input signal and the BER. This energy efficiency model can be applied using different types of channel noise. To minimize an SC-OFDM systems energy consumption we need to adjust the input signal power and BER to improve the efficiency of the nonlinear amplifier [31] . Figure 5 and 6 show the impact of different rolloff factors on the signals PAPR. It can be seen that, with QPSK mapping and Pr(PAPR>PAPR0) at the10e-3 level, IFDMA with α = 0.1 can improve the gain by 7dB and 2dB compared with IFDMA without pulse shaping and IFDMA with α = 0.3, respectively. With 16QAM mapping and Pr(PAPR>PAPR0) being 10e-5, IFDMA with α = 0.1 can improve the gain by 5dB and 2dB compared with IFDMA without pulse shaping and IFDMA with α = 0.3, respectively. The PAPR increases gradually with the decrease of the step-down factor. This is mainly because the decrease of the roll-off factor, although it effectively suppresses the interface from out-band signals and secures the systems spectrum utilization ratio, it also adversely affects the signals spectrum characteristics at the frequency domain and increases the probability of signal peak occurrence [32] .
Although there are cases where high PARP signals are transmitted by user equipment, in this paper relatively low PAPR is used in the SC-FDMA transmission system. Regarding these two types of sub-carrier allocation methods, in order to reduce the PAPR of up-link UE signals to a larger extent, the IFDMA carrier allocation method, which is capable of achieving even lower PAPR and transmitting on even wider spectrum bandwidths, thus improving the frequency domain diversity gain, is used in this paper on all SC-FDMA transmission systems as the sub-carrier allocation method. In Figure 7 , the PIC algorithm is given and the proposed OWPIC algorithm time after removal of the different carrier serial number under the SIR performance. The optimization goal of the OWPIC algorithm is to eliminate the interference introduced by different frequency offsets between each subcarrier signal; achieving this goal will give the system signal its optimal SIR. When the weights w have achieved their optimal values, the system signal SIR is also at its maximum. Figure 8 shows that with an increase of the signal noise ratio, both the PIC algorithm and OWPIC algorithm show good MSE performance, while MSE has a value of 10e-2 when the signal-to-noise ratio is 20dB. Compared with the performance of PIC, the OWPIC algorithm has better MSE performance and can be convergent after 3 iterations.
When the frequency offset range is increased, the user signal BER performance also increases. The BER performance of the algorithm with no multiuser interference is the poorest. After one iteration, the performance of the OWPIC algorithm is poor, as the weight selection is not optimal, and the users residual frequency offset interference is stronger. After two iterations, the OWPIC algorithm performance is significantly improved, as the weights are closer to their optimal value, and the system signal SIR approaches its optimal values.
V. CONCLUSIONS
Traditional PIC and SIC algorithms cannot meet the accuracy requirement of compensating for frequency errors without a large number of iterations. In this paper, an improved method of uplink multiuser detection based on the OWPIC algorithm is presented, which can effectively solve this problem. At the same time, an effective algorithm to find the optimal weights is introduced. Theoretical analysis and simulation results show that the algorithm has high precision, few iterative steps, and it is easy to implement in engineering applications.
